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(54) OPTICAL INFORMATION RECORDING MEDIUM, AND METHOD AND APPARATUS FOR 
RECORDING AND REPRODUCTION 



(57) An optical infomiation recording medium in- 
cludes a substrate 1 and two infomiation layers (2, 4) 
formed on the substrate. The information layer is fomned 
of a thin film showing a change that can be detected 
optically by irradiation of a light beam 7. A separating 
layer 3 that is transparent to a wavelength of the light 
beam 7 is fomned between the infomiation layers 2 and 
4, Each infomiation layer (2, 4) includes a sector area 
having sector address portions (9, 13) and data areas 
(8, 12) for recording infomiation signals, the sector ad- 
dress portion and the data area being divided in the cir- 



cumferential direction, and a management area (10,14) 
for recording identification infomnation about the amount 
of dislocation between the sector address portions 9 and 
14 in the circumferential direction. Thus, the identifica- 
tion information about the amount of dislocation can be 
recorded, so that demodulation errors during reproduc- 
tion can be reduced by switching amplification gain or 
slice level during reproduction according to the identifi- 
cation information. Also, stable data recording can be 
achieved by switching recording power according to a 
gate signal. 
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Description 

Technical Field 

[0001] The present invention reiates to a recording 
medium having a multilayer structure in which optically 
recordable and reproducible inf omfiation layers are lam- 
inated, and to a recording/reproducing method and ap- 
paratus for the same. 

Background Art 

[0002] Conventionally, optical disks or optical cards 
are known as optical Infomriation recording media, on 
which infomiation can be recorded or reproduced opti- 
cally. These recording media use a semk^onductor laser 
as a light source, and a great deal of information can be 
recorded or reproduced by Irradiation of light that is fine- 
ly focused through a lens. 

[0003] At present, there Is much research on the 
above recording media to increase their recording ca- 
pacities. For example, a recording medium having a 
muftilayer structure whose recording capacity is dou- 
bled by laminating infonnatton layers to record/repro- 
duce infomiation signals has been proposed (U.S. Pat- 
ent No. 5,726,969). Also, a DVD (digital versataile disc)- 
ROM disk with two information layers has been put into 
practbal use as a read-only optical disk. Moreover, a 
multilayer recording medium that can be recorded in the 
user's environment also has been proposed. Such a re- 
cording medium is fomied of a phase changeable ma- 
terial, a magnet-optical recording material, a dye mate- 
rial, or the like. 

[0004] On the other hand, an optk:al recording medi- 
um now in use, whk^h includes a single recording layer, 
employs two types of fonnatfor recording signals: a sec- 
tor-structure system and a continuous recording sys- 
tem. The former is used mainly to record data informa- 
tion, while the latter is used to record sound infomriation, 
such as CD-R. In an optical disk having a sector struc- 
ture, an area for managing information to be recorded 
and a data area on which information signals are record- 
ed by users are separated. 

[0005] However, when the recording system using a 
sector structure is applied to a multilayer recording me- 
dium, signals reproduced are distorted because of the 
recorded state of adjacent layers. 
[0006] FIGS. 12(a) and 12(c) show a cross section of 
a recordable two-layer recording medium taken along 
the track direction, respectively FIGS. 12(b) and 12(d) 
show the reproduced signals from the infomiation layer 
of the recording medium. The two-layer recording me- 
dium in FIG. 12(a) includes a first infomriation layer 202, 
a separating layer 203, a second infomriation layer 204, 
and a protective plate 205 in this order on a substrate 
201. 

[0007] The first information layer 202 has a sector 
structure including data portions 208 for recording infor- 



mation signals and sector address portions 209 spaced 
at predetermined lengths of each data portion 208. The 
sector address portion 209 is used for information man- 
agement during recording/reproducing information sig- 
5 nals. Similarly, the second infomriation layer 204 in- 
cludes data portions 212 and sector address portions 
213. 

[0008] In FIG. 1 2(a), the first infomriation layer 202 is 
not recorded, while a signal is recorded on the second 
infomriation layer 204. FIG. 12(b) shows a reproduced 
signal from the second infomiation layer 204. In this 
case, since the transmissivity of the first information lay- 
er 202 is unchanged, the reproduced signal becomes 
constant according to a pattem that is recorded on the 
second infomriation layer 204. 

[0009] On the other hand, in FIG. 1 2(c), the first infor- 
mation layer 202 is recorded; FIG. 12(d) shows the re- 
produced signal in this case. Here, the first information 
layer 202 has such characteristics that the transmissiv- 
ity is increased by recording information. As shown in 
FIG. 1 2(d), the reproduced signal from the second in- 
formation layer 202 has a waveform whose amplitude 
is Increased in the area corresponding to the recorded 
portion of the first information layer 202. This is because 
the transmissivity of the first information layer 202 is 
raised by recording a signal. When a signal is repro- 
duced from the second infomriation layer 204, light pass- 
es through the second infomriation layer 204 twice, i.e., 
at the time of being focused and reflected. Therefore, 
the amplitude fluctuation increases in proportion to the 
square of a change in transmissivity. 
[0010] As described above, in an optical recording 
medium having a sector structure, information signals 
are recorded on the data portions alone and not on the 
sector address portions. Thus, in reproducing the infor- 
mation signals, the reproduced signal amplitude and the 
signal level fluctuate signifbantly depending on the re- 
corded state of the opposite layer. In particular, when 
the reproduced signal from the second information layer 
is demodulated, reproduction errors are caused in the 
area corresponding to the boundary between the sector 
address portion and the data portion of the first informa- 
tion layer 202, so that the recorded infomriation cannot 
be demodulated correctly. 

[0011] Similarly, since theamount of lightthatreaches 
the second information layer 204 varies depending on 
the recorded state of the first infomiation layer 202, in- 
fomriation cannot be recorded con^ectly during record- 
ing. 

Disclosure of Invention 

[0012] The present invention is intended to solve the 
conventional problems described above and has an ob- 
ject of providing an optical infomiation recording medi- 
um that can prevent the effect of the recorded state of 
other infomiation layers, and a recording/reproducing 
method and apparatus for the same. 
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[0013] To achieve the above object, a first optical in- 
formation recording medium of the present invention in- 
cludes a substrate and at least two Infonmation layers 
formed on the substrate. The infonnatlon layer is fomied 
of a thin film showing a change that can be detected 
optically by light beam irradiation. A separating layer 
that is transparent to a wavelength of the light beam is 
formed between the infomriation layers. Each informa- 
tion layer includes a sector ^area havjng sector address 
portions and data areas for recording infomriation sig- 
nals, the sector address portion and the data area being 
divided in the circumferential direction. At least one o f 
the Infonriation layers is provided with a management 
area for recording identification infomnation aBoufthe 
amou nfof "cjislocatiorTBetween the sector a^ress por~ 
tions of the respective'in fonna tibn layere in the^lrclirih- 
Iferentiardirectlo rTTheaSoveoptic^rinfonTiati^ 
Tng medium allo^ the identification information about 
the amount of dislocation to be recorded. Also, it can 
reduce demodulation errors during reproduction by 
switching amplification gain or slice level during repro- 
duction according to the identification infonnation about 
the amount of dislocation. Similarly, it can provide stable 
data recording by switching recording power according 
to a gate signal. 

[0014] In the first optical information recording medi- 
um, It is preferable that the management area is provid- 
ed with the same fomn of guide groove as the data area 
and located close to the data area. 
[001 5] Furthermore, it is preferable that each informa- 
tion layer is provided with a sector position identifier for 
identifying the positions of the sector address portions 
of the respective infomnation layers. The sector position 
identifier has a certain relationship to the sector area in 
the circumferential direction. In the above optical infor- 
mation recording medium, the amount of dislocation be- 
tween the sector areas can be detemnined by specifying 
the position of the sector position identifier of each in- 
fonnation layer in the circumferential direction. 
[0016] Next, a second optical infomnation recording 
medium of the present invention includes a substrate 
and at least two information layers fomned on the sub- 
strate. The information layer is fomned of a thin film 
showing a change that can be detected optically by light 
beam irradiation. A separating layer that is transparent 
to a wavelength of the light beam is fomned between the 
information layers. Each infomnation layer includes a 
sector area having sector address portions and data ar- 
eas for recording information signals, the sector address 
portion and the data area being divided in the circum- 
ferential direction. Identification infomnation about the 
amount of dislocation between the sector address por- 
tions of the respective information layers in the circum- 
ferential direction is recorded on at least one of the in- 
fomnation layers by utilizing the difference in state that 
can be detected optically in a predetermined pattern dif- 
ferent from infomnation signals of the data portion. The 
above optical infomnation recording medium can reduce 



demodulation en-ors during reproduction by switching 
amplification gain or slice level during reproduction ac- 
cording to the identification information about the 
amount of dislocation. Similariy, rt can provide stable da- 

5 ta recording by switching recording power according to 
a gate signal. Moreover, the use of state difference for 
recording the identification infonnation can prevent the 
infonnation from being lost because of recording errors 
or the like during recording/reproducing of data infomna- 

10 tion. 

[0017] Next, a third optical information recording me- 
dium of the present infonnation includes a substrate and 
at least two information layers fomned on the substrate. 
The information layer is fomned of a thin film showing a 
1^ change that can be detected optically by light beam ir- 
radiation. A separating layer that is transparent to a 
wavelength of the light beam is fomned between the in- 
formation layers. Each infonnation layer includes a sec- 
tor area, a management area, and a sector position 
identifier. The sector area has sector address portions 
and data areas for recording information signals, the 
sector address portion and the data area being divided 
in the circumferential direction. The management area 
contains the type of information layer or recording con- 
ditions. The sector position identifier identifies the sector 
position and has a certain relationship to the sector area 
of the infonnation layer in the circumferential direction. 
In the above optical information recording medium, the 
amount of dislocation between the sector areas can be 
detemnined by specifying the position of the sector po- 
sition identifier of each infonnation layer in the circum- 
ferential direction. 

[0018] The third optical information recording medium 
includes a substrate and at least two infonnation layers 
formed on the substrate. The infonnation layer is formed 
of a thin film showing a change that can be detected 
optically by light beam irradiation. A separating layer 
that is transparent to a wavelength of the light beam is 
fomned between the infonnation layers. Among the in- 
formation layers, at least the infonnation layer on the 
light incident side is provided with a management area 
for recording identification infonnation showing that in- 
formation is recorded on the entire area of the informa- 
tion layer. The above optical information recording me- 
dium can record the identification infonnation, showing 
that information is recorded on the entire area of the in- 
fomnation layer on the light incident side. Thus, a stable 
operation for confirming the recording on the entire area 
of the information layer can be perfomned by recording 
the identification infonnation. Moreover, since informa- 
tion is recorded on the entire area of the information lay- 
er on the light incident side, the difference in the amount 
of transmitted light between the sector address portion 
and the data portion of the information layer on the light 
incident side becomes a predetermined value. Thus, op- 
erations for correcting reproduced signal amplitude or 
recording power can be performed stably. 
[001 9] Furthenmore, it is preferable that the recording 
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on an entire area includes recording dummy data having 
a predetemained pattern on a preliminary signal area lo- 
cated close to the data area after completion of record- 
ing infomnation signals on the entire data area of the in- 
formation layer. 

[0020] Next, a first recording method for an optical in- 
formation recording medium of the present invention is 
a method for recording information signals on the optical 
Infomnation recording medium. The optical information 
recording medium includes a substrate and at least two 
infomnation layers formed on the substrate. The Infor- 
mation layer is formed of a thin film showing a change 
that can be detected optically by light beam irradiation. 
Among the infomnation layers, Information signals are 
recorded on the target information layer after confirming 
that information signals have been recorded on the en- 
tire area of the infomnation layer on the light incident 
side. In the above recording method, at the time of re- 
cording information signals on another information lay- 
er, infomnation has been recorded on the entire area of 
the infomnation layer on the light incident side. There- 
fore, the difference in the amount of transmitted light be- 
tween the sector address portion and the data portion 
of the infomnation layer on the light incident side be- 
comes a predetermined value. Thus, operations for cor- 
recting reproduced signal amplitude or recording power 
can be perfomned stably. 

[0021] In the first recording method, it is preferable 
that the recording on an entire area includes recording 
dummy data having a predetemnined pattern on a pre- 
liminary signal area located close to the data area after 
completion of recording information signals on the entire 
data area of the infomnation layer. 
[0022] Furthermore, it is preferable that the recording 
on an entire area is confirmed by identification infomna- 
tion showing that the recording on an entire area is per- 
formed, which is provided in any one of the information 
layers. 

[0023] Next, a second recording method for an optical 
information recording medium of the present invention 
is a method for recording infomnation signals on the op- 
tical information recording medium. The optical informa- 
tion recording medium includes a substrate, at least two 
infonnation layers formed on the substrate, and a sep- 
arating layer fomned between the infomnation layers. 
The information layer is formed of a thin film showing a 
change that can be detected optically by light beam Ir- 
radiation. The separating layer Is transparent to a wave- 
length of the light beam. Each infomnation layer includes 
a sector area having sector address portions and data 
areas for recording information signals, the sector ad- 
dress portion and the data area being divided in the cir- 
cumferential direction. Each infonnation layer further in- 
cludes a sector position identifier having a certain rela- 
tionship to the sector area in the circumferential direc- 
tion. The, dislocation between the sector position iden- 
tifiers of the respective infonnation layers is detected, 
so that identification information about the amount of 



dislocation between the sector address portions of the 
respective infomnation layers in the circumferential di- 
rection is obtained and the identification information is 
recorded on at least one of the infonnation layers. The 
5 above recording method can detemnine the identifica- 
tion information about the amount of dislocation easily 
as well as reliably. 

[0024] In the second recording method, it is preferable 
that the identification infonnation is recorded as sub-in- 

10 formation that is different from data infomnation. 

[0025] Next, a third recording method for an optical 
infonnation recording medium of the present invention 
is a method for recording infonnation signals on the op- 
tical information recording medium. The optical informa- 

is tion recording medium includes a substrate, at least two 
information layers formed on the substrate, and a sep- 
arating layer formed between the information layers. 
The infonnation layer is fomned of a thin film showing a 
change that can be detected optically by light beam ir- 

20 radiation. The separating layer is transparent to a wave- 
length of the light beam. Each information layer includes 
a sector area having sector address portions and data 
areas for recording infonnation signals, the sector ad- 
dress portion and the data area being divided in the cir- 

25 cumferential direction. Among the information layers, a 
signal is recorded on the continuous tracks in the sector 
area of the infomnation layer on the light incident side 
with at least one sector being left unrecorded. Then, a 
signal is reproduced from the information layer that is 

30 further from the infonnation layer on the light Incident 
side. The time difference between a pulse-fall point of 
the sector address portion of the distant information lay- 
er, corresponding to the unrecorded portion of the infor- 
mation layer on the light incident side, and a pulse-rise 

35 point of the recorded portion of the information layer on 
the light incident side is calculated, so that identification 
infonnation about the amount of dislocation between the 
sector address portions of the respective infonnation 
layers in the circumferential direction is obtained and the 

40 identification information is recorded on at least one of 
the infomnation layers. The above recording method can 
determine the amount of dislocation between the sector 
areas in the circumferential direction without relying on 
the sector position identifier. 

45 [0026] In the third recording method, it Is preferable 
that the identification information is recorded as sub-in- 
formation that is different from data Infomnation. 
[0027] Next, a fourth recording method for an optical 
infonnation recording medium of the present invention 

50 Is a method for recording infonnation signals on the op- 
tical infonnation recording medium. The optical infomna- 
tion recording medium includes a substrate, at leasttwo 
information layers formed on the substrate, and a sep- 
arating layer formed between the information layers. 

55 The infonnation layer is formed of a thin film showing a 
change that can be detected optically by light beam ir- 
radiation. The separating layer is transparent to a wave- 
length of the light beam. Each information layer includes 
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a sector area having sector address portions and data 
areas for recording information signals, the sector ad- 
dress portion and the data area being divided in the cir- 
cumferential direction. The guide groove in the data ar- 
ea Is formed of a wobbled groove wobbling in a prede- 
termined cycle. The amount of wobble is measured, so 
that Identification infomnatlon about the amount of dis- 
location between the sector address portions of the re- 
spective infomnation layers in the circumferential direc- 
tion is obtained and the identification infomnation is re- 
corded on at least one of the infomnation layers. The 
above recording method allows the amount of disloca- 
tion to be measured directly in length, and thus the 
amount of dislocation can be determined precisely. 
[0028] In the fourth recording method, it is preferable 
that the identification infomnation is recorded as sub-in- 
formation that is different from data information. 
[0029] Next, a first recording/reproducing apparatus 
for an optical infomnation recording medium of the 
present invention perfomns recording/reproduction of in- 
formation signals on the optical information recording 
medium. The optical information recording medium in- 
cludes a substrate, at least two infomnation layers 
formed on the substrate, and a separating layer fomned 
between the information layers. The infomnation layer is 
formed of a thin film showing a change that can be de- 
tected optically by light beam irradiation. The separating 
layer is transparent to a wavelength of the light beam. 
Each infomnation layer includes a sector area having 
sector address portions and data areas for recording in- 
formation signals, the sector address portion and the da- 
ta area being divided in the circumferential direction. 
The recording/reproducing apparatus includes a sector 
dislocation identifying means, a gate generating means, 
and a reproduced signal connecting means. The sector 
dislocation identifying means detects the amount of dis- 
location between the sector areas of the respective in- 
formation layers in the circumferential direction. The 
gate generating means controls timing for correcting the 
fluctuation in a reproduced signal, caused by the effect 
of the recorded state of each infomnation layer, based 
on the detected dislocation amount. The reproduced 
signal correcting means corrects a reproduced signal in 
accordance with a gate signal from the gate generating 
means. The above recording/reproducing apparatus 
can reduce demodulation enters during reproduction by 
switching amplification gain or slice level during repro- 
duction according to a gate signal. 
[0030] In the first recording/reproducing apparatus, it 
is preferable that the reproduced signal correcting 
means switches the amplification gain of a reproduced 
signal in accordance with the gate signal. 
[0031] Furthermore, it is preferable that the repro- 
duced signal corecting means switches the slice level 
of a reproduced signal in accordance with the gate sig- 
nal. 

[0032] It is preferable that at least one of the informa- 
tion layers is provided with a management area for re- 



cording identification infomnation about the amount of 
dislocation, and that the sector dislocation identifying 
means demodulates the identification information on the 
management area to detect the amount of dislocation, 
5 [0033] It is preferable that the identification infomna- 
tion is recorded on the management area as sub-infor- 
mation that is different from data infomnation. 
[0034] It is preferable that each infonmation layer is 
provided with a sector position identifier for identifying 
positions of the sector address portions of the respective 
infomnation layers, the sector position identifier having 
a certain relationship to the sector area in the circum- 
ferential direction, and that the amount of dislocation is 
determined by dislocation between the sector position 
identifiers of the respective infomnation layers. 
[0035] It is preferable that the amount of dislocation 
is detemnined in the following manner: among the infor- 
mation layers, a signal is recorded on continuous tracks 
in the sector area of the information layer on the light 
incident side with at least one sector being left unrecord- 
ed; a signal is reproduced from the infomnation layer that 
is further from the information layer on the light incident 
side, and a time difference between a pulse-fall point of 
the sector address portion of the distant information lay- 
er, corresponding to the unrecorded portion of the infor- 
mation layer on the light incident side, and a pulse-rise 
point of the recorded portion of the information layer on 
the light incident side is calculated. The above record- 
ing/reproducing apparatus can determine the amount of 
dislocation between the sector areas in the circumfer- 
ential direction without relying on the sector position 
identifier, 

[0036] It is preferable that the guide groove in the data 
area is formed of a wobbled groove wobbling in a pre- 
detemnined cycle, and that the amount of dislocation is 
detemnined by measuring the amount of wobble. The 
above recording/reproducing apparatus allows the 
amount of dislocation to be measured directly in length, 
and thus the amount of dislocation can be detemnined 
precisely. 

[0037] Next, a second recording/reproducing appara- 
tus for an optical infonnation recording medium of the 
present invention performs recording/reproduction of in- 
formation signals on the optical information recording 
medium. The optical infomnation recording medium in- 
cludes a substrate, at least two information layers 
fomned on the substrate, and a separating layer fomned 
between the information layers. The infomnation layer is 
fomned of a thin film showing a change that can be de- 
tected optically by light beam inradiation. The separating 
layer is transparent to a wavelength of the light beam. 
Each information layer includes a sector area having 
sector address portions and data areas for recording In- 
fomnation signals, the sector address portion and the da- 
ta area being divided in the circumferential direction. 
The recording/reproducing apparatus includes a sector 
dislocation identifying means, a gate generating means, 
and a power switching means. The sector dislocation 
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identifying means detects the amount of dislocation be- 
tween the sector areas of the respective information lay- 
ers in the circumferential direction. The gate generating 
means controls timing for correcting the fluctuation in 
recording power, caused by the effect of the recorded 
state of each infomnation layer, based on the detected 
dislocation amount. The power switching means switch- 
es recording power in accordance with a gate signal 
from the gate generating means. The above recording/ 
reproducing apparatus can provide stable data record- 
ing by switching recording power according to a gate 
signal. 

[0038] In the second recording/reproducing appara- 
tus, it is preferable that at least one of the information 
layers is provided with a management area for recording 
identification information about the amount of disloca- 
tion, and that the sector dislocation identifying means 
demodulates the identification information to detect the 
amount of dislocation. 

[0039] It is preferable that the identification informa- 
tion is recorded on the management area as sub-infor- 
mation that is different from data information. 
[0040] It is preferable that each infomnation layer is 
provided with a sector position Identifier for identifying 
positions of the sector address portions of the respective 
infomnation layers, the sector position identifier having 
a certain relationship to the sector area in the circum- 
ferential direction, and that the amount of dislocation is 
detemnined by dislocation between the sector position 
identifiers of the respective infomnation layers. 
[0041] It is preferable that the amount of dislocation 
is determined in the following manner among the infor- 
mation layers, a signal is recorded on continuous tracks 
in the sector area of the information layer on the light 
Incident side with at least one sector being left unrecord- 
ed; a signal is reproduced from the information layerthat 
is further from the infomnation layer on the light incident 
side, and a time difference between a pulse-fall point of 
the sector address portion of the distant infomnation lay- 
er, corresponding to the unrecorded portion of the infor- 
mation layer on the light incident side, and a pulse-rise 
point of the recorded portion of the information layer on 
the light incident side is calculated. The above record- 
ing/reproducing apparatus can determine the amount of 
dislocation between the sector areas in the drcumfer- 
ential direction without relying on the sector position 
identifier. 

[0042] It is preferable that the guide groove in the data 
area is formed of a wobbled groove wobbling in a pre- 
determined cycle, and that the amount of dislocation is 
determined by measuring the amount of wobble. The 
above recording/reproducing apparatus allows the 
amount of dislocation to be measured directly in length, 
and thus the amount of dislocation can be detemnined 
precisely. 



Brief Description of Drawings 
[0043] 

^ FIG. 1 is a configuration diagram of an optical infor- 
mation recording medium according to an embodi- 
ment of the present invention. 
FIG. 2 is a configuration diagram showing an em- 
bodiment of a method for measuring the amount of 
sector dislocation in an optical infomnation record- 
ing medium of the present invention. 
FIG. 3 is a block diagram of a reproduction appara- 
tus for an optical infomnation recording medium ac- 
cording to an embodiment of the present invention. 
FIG. 4 shows an operation of the reproduction ap- 
paratus in FIG. 3. 

FIG. 5 is a block diagram of a reproduction appara- 
tus for an optical information recording medium ac- 
cording to another embodiment of the present in- 
vention. 

FIG. 6 shows a function of the optical infomnation 
recording medium in FIG. 5. 
FIG. 7 is a block diagram of a recording apparatus 
for an optical infomnation recording medium accord- 
ing to an embodiment of the present invention. 
FIG. 8 shows an operation of the recording appara- 
tus in FIG. 7. 

FIG. 9 is a configuration diagram showing another 
embodiment of a method for measuring the amount 
of sector dislocation In an optical information re- 
cording medium of the present invention. 
FIG. 10 is a flow diagram showing an embodiment 
of a method for manufacturing an optical informa- 
tion recording medium of the present invention. 
FIG. 11 is a flow diagram showing another embod- 
iment of a method for manufacturing an optical in- 
fomnation recording medium of the present inven- 
tion. 

FIG. 1 2 is a cross-sectional view showing an exam- 
ple of a function of a conventional optical informa- 
tion recording medium. 

Best Mode for Carrying Out the Invention 

[0044] Hereinafter, an embodiment of the present in- 
vention will be described with reference to the accom- 
panying drawings. 

Embodiment 1 

[0045] FIG. 1 shows a conflgu ration of an optical in- 
fonnation recording medium according to Embodiment 
1 of the present invention. FIG. 1(a) is a cross-sectional 
view of the optical information recording medium that 
includes a flrst information layer 2, a separating layers, 
a second infomnation layer 4, and a protective plate 5 in 
this order on a substrate 1 . Infomnation signals are re- 
corded/reproduced on the first infomnation layer 2 with 
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a light beam 7 focused by an objective lens 6 from the 
side of the substrate 1 , and the light beam through the 
first infonnatlon layer 2 is used for recording/reproduc- 
tion on the second infomnation layer 4. 
[0046] FIG. 1 (b) shows a configuration of a recording 
area of the first infomnation layer 2. The recording area 
has a sector structure including data portions 8 for re- 
cording information signals and sector address portions 
9 for managing the location of data to be recorded. The 
recording medium of this embodiment employs the sec- 
tor fomnat referred to as ZCLV (i.e., zoned constant lin- 
ear velocity) or MCAV (i.e., modified constant angular 
velocity). With this format, the number of sectors per rev- 
olution is Increased gradually from the inner to the outer 
circumference of the recording medium. Thus, the 
length of the data portions divided by the sector address 
portions is fixed substantially in each infomnation layer. 
[0047] The data portion 8 is fomied of a spiral guide 
groove for tracking or sample pits. The sector address 
portion 9 Is fomned of address pit trains arranged in a 
pattem corresponding to address infomnation. Moreo- 
ver, a management area 10 is provided in the inner cir- 
cumference of the recording medium, where infomnation 
about the type of recording medium, recording condi- 
tions, or the like is recorded beforehand. The manage- 
ment area may include an area for recording information 
about the dislocation between the sectors of the respec- 
tive information layers, if necessary. Furthemiore, a disk 
position identifier 11 for identifying the sector position in 
each Information layer is provided in the inner circum- 
ference of the recording medium, if necessary. 
[0048] FIG. 1 (c) shows a configuration of the second 
information layer 4. Like the first infomnation layer 2, the 
second infomnation layer 4 has a data area including da- 
ta portions 12 and sector address portions 13, a man- 
agement area 1 4, and a disk position identifier 1 5 on the 
surface thereof. The amount of dislocation between the 
two Infomnation layers 2 and 4 can be determined by 
specifying the dislocation between the disk position 
identifiers 11 and 15 in the circumferential direction. 
[0049] The obtained dislocation amount is recorded 
on at least one of the management areas 1 0, 1 4 of the 
two infomnation layers. Though the details will be de- 
scribed later, the amount of dislocation is used for spec- 
ifying the positions of the sector address portions of ad- 
jacent infonnatjon layers, for switching reproduction 
conditions in reproducing information signals, and for 
switching recording power in recording information sig- 
nals. Consequently, favorable recording/reproduction 
on a multilayer recording medium can be achieved. 
[0050] As can be seen from FIGS. 1 (b) and 1 (c), the 
first Information layer 2 is the same as the second infor- 
mation layer 4 in the arrangement or the number of sec- 
tors. Moreover, It is preferable that both have the same 
number of tracks. This is because system operations, 
such as managing the data recording area of each in- 
formation layer, become simple. 
[0051] In this embodiment, the management area in 



the recording medium is provided in the inner circum- 
ference of the data recording area. However, It may be 
provided In the outer circumference thereof. When both 
sides of the data recording area include the manage- 
5 ment area, the reliability of the recording medium can 
be improved against the loss of data caused by scratch- 
es or the like. 

[0052] As shown in FIGS. 1 (b) and 1 (c), the disk po- 
sition identifiers 11,15 are fomned in the area other than 
the data portions 8, 12, sector address portions 9, 13, 
and the management areas 10, 14 of the infomnation 
layers. Specifically, the disk position identifier 11 is lo- 
cated in the inner circumference of the management ar- 
ea 1 0 so that a certain relationship in the position of the 
disk position identifier 11 and the sector address portion 
9 is established in the circumferential direction, as 
shown in FIG. 1(b). Also, the disk position identifier 15 
is located in the inner circumference of the management 
area 14 so that a certain relationship in the position of 
the disk position identifier 1 5 and the sector address por- 
tion 13 is established in the circumferential direction, as 
shown in FIG. 1(c). 

[0053] To distinguish which identifier belongs to each 
infonnation layer, the disk position identifiers 11 and 15 
differ in shape or radial positions. Moreover, the pattem 
that forms pit trains in the sector address portion and 
the management area or a guide groove in the data por- 
tion under certain conditions can be used as the pattem 
of the disk position identifier. 

[0054] Next, a method for determining the amount of 
sector dislocation between the information layers using 
the disk position identifiers wilt be described with refer- 
ence to FIG. 2. FIG. 2 is a schematic view showing a 
method for measuring the amount of sector dislocation 
between the information layers in the recording medium 
shown in FIG.1 . The method is such that the disk posi- 
tion identifiers 11 , 15 of the two infomnation layers 2, 4 
are detected with a photodetector 21 , then the positional 
relationship between the identifiers is specified, and 
thus the amount of dislocation in the disk is specified. 
[0055] As the photodetector 21 , TV cameras or image 
sensors can be used. The lens used in these devices, 
unlike the objective lens shown In FIG. 1 , has a suffi- 
ciently large focus depth. Therefore, the two Infomnation 
layers can be observed at the same time. As shown In 
FIG. 2, since the two identifiers 11 , 15 are in the field of 
observation, the distance between them can be deter- 
mined easily by image processing. When the distance 
is large, the multilayer recording medium is rotated so 
as to specify each of the identifiers. Thus, the amount 
of dislocation between two Information layers can be de- 
temnlned by the position of each identifier in the ot)ser- 
vation field relative to the angle of rotation. 
[0056] Information about the sector dislocation be- 
tween the information layers thus detemnined is record- 
ed on at least one of the management areas 10, 1 4 in 
the same manner as data recording. The items of data 
common to recording media have been provided on the 
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substrate surface as ROM information in the fonn of 
concave-convex pits. 

[0057] On the other hand, the management informa- 
tion for individual recording media is recorded after a 
multilayer recording medium is produced. Therefore, a 
recordable area, which Is fornied of a guide groove or 
the like similarly to the data portion, is necessary. In 
DVD-RAM or the like, such an area corresponds to the 
area called lead-in or lead-out, where defects In the re- 
cording medium are registered. 
[0058] The recordable management area in a record- 
ing medium of the present invention includes a disloca- 
tion information recording area containing Information 
about the sector dislocation between the Information 
layers. TTius, the sector dislocation information obtained 
in the above manner can be recorded on this area by 
the irradiation of modulated light, like data infomiatlon. 
[0059] The management information may be record- 
ed on both information layers. When the management 
information is reproduced at the time of inserting the re- 
cording medium in an apparatus and stored on the 
memory thereof, it is not necessary to read the manage- 
ment information for each recording /reproduction. 
Therefore, the management information may be record- 
ed on one of the information layers. In this case, it is 
preferable that the information layer closest to the tight 
incident side contains the management infomiation, 
considering that the effect of other Information layers is 
small. 

[0060] There are other methods for recording the sec- 
tor dislocation infomiation: a burst cutting area (BCA) is 
provided in the area other than the data recording area 
in a recording medium; the BCA contains sub-informa- 
tion in the fomn of modulated code, such as a bar code, 
that is different from data information. For recording, a 
strong laser beam is focused on the information layer 
while rotating the recording medium circumferential ty. 
The shape of the laser beam is long In the radial direc- 
tion of the recording medium, i.e., the laser beam has a 
width larger than at least the amount of eccentricity of a 
guide groove (e.g., about 2 mm). At this time, pulsed 
light, which is modulated by the signal that is coded ac- 
cording to the management information of the recording 
medium, is radiated to fonn a pattern of stripes on the 
circumference. 

[0061] Information to be recorded on the BCA is for 
the individual recording media, such as sector disloca- 
tion information, or for managing each recording medi- 
um. Thus, the data capacity is suffrciently small. There- 
fore, the BCA can be located in any area except the data 
recording area and the recordable management area. 
Also, at least part of the BCA may be overlapped with 
the read-only management area. 
[0062] When Infomiation Is recorded on the BCA, the 
infomnation layer is damaged. Therefore, the BCA dif- 
fers from the area In-adlated with light in reflectance. 
This allows a recording/reproducing apparatus for re- 
producing the data area to perf omn a focusing operation. 



In such a case, for the purpose of separation from the 
read-only pit infomiation on the management area, a 
low-pass filter (LPF) or the like Is used to separate sig- 
nals to be demodulated, and thus the sector dislocation 
5 Information can be obtained. 

[0063] When a recording medium includes informa- 
tion layers that cause a change in condition, partially de- 
formation, or diffusion, the striped area showing chang- 
es is formed according to each recording mode of the 
infomnation layers, so that signals can be obtained. For 
example, with the information layers utilizing a phase 
change between amorphous and crystalline states, the 
striped area is left at the time of initialization, in whk^h 
the infomnation layers that have been fomned in the 
amorphous state are changed to be in the crystalline 
state, and thus the BCA pattem can be provided. This 
allows the sector dislocation infomnation to be recorded 
without damaging the Information layer, as described 
above. 

[0064] Furthermore, this method can prevent the sec- 
tor dislocation information from being lost because of 
recording errors or the like during recording/reproducing 
data information, compared with the case where the 
sector dislocation information is recorded on the record- 
able management area in a pattem similar to data infor- 
mation, as is described above. 
[0065] Hereinafter, a method for recording/reproduc- 
ing infomiation signals on the recording medium in FIG. 
1 and an apparatus employing this method will be de- 
scribed with reference to a block diagram in FIG. 3. 
[0066] When a recording medium 30, which is a mul- 
tilayer recording medium, is inserted in a recording/re- 
producing apparatus, a control signal 803 is input to a 
system control section 27 from an extemal device, such 
as personal computers or the like. The system control 
section 27 controls the entire apparatus. First, a motor 
31 is driven by a rotation control circuit 28 so as to rotate 
the recording medium 30 at a predetemiined speed. 
[0067] A laser driving section 32 in a light modulation 
system 29 for controlling a light source drives a semi- 
conductor laser 34 in an optk^l pbkup 33 by supplying 
electric current so that the semiconductor laser 34 emits 
a laser beam to generate reproduction power. Then, the 
recording medium 30 is in'adiated with the light beam by 
an optical system in the optical pickup 33. The light re- 
flected from the recording medium is received by a pho- 
todetector 35 having a plurality of separate light-receiv- 
ing surfaces. The signal from each light-receiving sur- 
face is amplified with a preamplifier 36, and thus a re- 
produced signal 36s is obtained. The reproduced signal 
36s is sent to a signal reproduction system 37 and a 
control system 38. The signal reproduction system 37 
demodulates infomnation signals; the control system 38 
controls focusing, tracking, or the like. 
[0068] A focus control section 39 in the control system 
38 uses a portion of the reproduced signal 36s to focus 
a light beam on the infomnation layer. Then a focus jump 
circuit 40 moves the focusing position to the target in- 
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formation layer, which Is one of the ptural infonnation 
layers in the recording medium. On the other hand, a 
tracking control section 41 uses the reproduced signal 
36s to perfomn tracking control by scanning the tracks 
on the infonnation layer, and the target track can be re- 5 
produced by a tracking jump circuit 42. 
[0069] When infonnation is reproduced from the 
tracks In the recording medium 30, the management in- 
fonnation of the recording medium 30 Is reproduced 
first. Specifically, the control system 38 perfomns servo io 
operations, and a signal Is reproduced from the man- 
agement area in the recording medium 30. The repro- 
duced signal 36s passes through a gain switching circuit 
43 so as to have predetennined amplitude. Then, a de- 
modulation circuit 44 converts the reproduced signal 
36s to a plurality of information signals, and a disk iden- 
tification circuit 45 identifies the type of disk inserted. 
[0070] When the result is, e.g., that the recording me- 
dium Includes two or more Information layers, a sector 
dislocation identification circuit 46 demodulates the sec- ^ 
tor dislocation infonnation that has been recorded on the 
management area and shows the relative positions of 
the sectors of the respective Infonnation layers. Thus, 
the amount of dislocation between the plural information 
layers Is specified. Moreover, the result of demodulation 25 
is sent to the system control section 27, and the amount 
of sector dislocation between the target Infonnation lay- 
er and the infonnation layer on the light source side is 
sent to a gate generator. 

[0071] Next, a method for compensating for the flue- 30 
tuatlon in amplitude of the Infonnation layers by switch- 
ing the amplrfk;ation gain of the reproduced signal using 
sector dislocation infonnation will be described with ref- 
erence to FIG. 3 and the timing diagram in FIG. 4. FIG. 
4(a) shows an example of reproducing a signal from the 35 
second information layer 4 through the first infomnation 
layer 2 when there Is the sector dislocation between the 
two Information layers 2 and 4. 
[0072] As with FIG. 1 2(c), a signal is recorded on both 
infonnation layers 2 and 4. The reproduced signal 36s 40 
from the second Infonnation layer 4 has a wavefomn 
whose amplitude and signal level is increased in the ar- 
ea corresponding to the data portion 8 of the first Infor- 
mation layer 2, as shown in FIG. 4(b). A signal repro- 
duced from the area corresponding to the sector ad- 45 
dress portion 1 3 of the second infonnation layer 4 varies 
in amplitude depending on a system for fonning address 
pits. Therefore, the signal is not explained in detail, but 
indicated by a marie. 

[0073] For the reproduced signal 36s, the system con- so 
troi section 27 calculates gate-timing data con^espond- 
ing to the amount of dislocation and outputs the data to 
a gate generator 48. The gate generator 48 generates 
a gate signal 48s (see FIG. 4(c)) con^esponding to the 
sector dislocation infonnation. A gain switching circuit 55 
43 switches the amplif nation gain of the reproduced sig- 
nal quickly in response to the gate signal 48s and pro- 
vides a reproduced signal 43s (see FIG. 4(d)). 



[0074] As a result, the amplitude of the reproduced 
signal is the same as that in the case where the first 
Infonnation layer 2 Is not recorded. Thus, by comparing 
it with a slice level SI in the unrecorded portion, the re- 
produced signal can be demodulated. The gain switch- 
ing circuit 43 can perfomn gain correction quickly, and 
such high-speed gain correction Is earned out even in 
the last area of the gate signal. 
[0075] As described above, this embodiment can 
compensate for a change in the signal level between the 
Infonnation layers while suppressing a change in gain 
caused by infonnation about a recording medium, for- 
eign materials, or the like. 

[0076] Next, a second method for compensating for 
the amplitude fluctuation during reproduction will be de- 
scribed with reference to the block diagram of an appa- 
ratus in FIG. 5 and the timing diagram in FIG. 6. This 
method is such that a slice level for demodulating a re- 
produced signal is switched according to the dislocation 
between sectors. 

[0077] Based on the sector dislocation infonnation 
identified by the sector dislocation identification circuit 
46, the system control section 27 calculates gate-timing 
data corresponding to the amount of dislocation and out- 
puts the data to the gate generator 48. The gate gener- 
ator 48 generates a gate signal 48s corresponding to 
the amount of sector dislocation and sends it to a slice 
level switching circuit 49 (see FIG. 6(b)). 
[0078] The slice level switching circuit 49 switches the 
slice level of the reproduced signal of the demodulation 
circuit 44 quickly in response to the gate signal 48s, so 
that the reproduced signal 36s is changed to a two-level 
signal with two different amplitudes, each having a me- 
dian represented by SI and S2 (see FIG. 6(c)). 
[0079] As a result, it is possible to periomn demodu- 
lation that compensates for the amplitude fluctuation of 
the second infonnation layer 2, corresponding to the 
sector address portion 9 of the first information layer 2. 
The slice level switching circuit 49 switches the slice lev- 
el quickly, and SI and S2 maintain the value in the range 
of "H" and "L" of the gate signal, respectively. This allows 
each slice level to follow the fluctuation in the recording 
medium. 

[0080] The foregoing described the effect of the infor- 
mation layer on the light Incident side upon the adjacent 
information layer that is further from the light incident 
side, e.g., the recorded state of the first infonnation layer 
causes the amplitude fluctuation of the reproduced sig- 
nal from the second infonnation layer. However, there 
are some cases where the infonnation layer located fur- 
ther from the light incident side has an effect on the re- 
production of the signal from the information layer on 
the light incident side. C_ 
[0081] For example, when a signal is reproduced from 
the first infonnation layer, a portion of light is transmitted 
through the first infonmation layer, reflected from the 
second infonnation layer, again passes through the first 
infonnation layer, and enters a photodetector in an op- 
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tical pickup. In this case, since the light spot on the sec- 
ond information layer is not in the focal position, only a 
portion of the reflected light fronn the second infomnation 
layer again passes through an objective lens in the op- 
tical pickup and reaches the inside photodetector. The 5 
reflected light from the second infomnation layer acts as 
an offset voltage, which Increases the whole level of the 
signal voltage of the reproduced signal from the first in- 
formation layer, i.e., the light reflected from the first in- 
fomriation layer. For example, suppose that the second io 
infomnation layer has such characteristics that the re- 
flected light is reduced by recording. When a signal is 
reproduced from the first information layer located in the 
same position as the recording area of the second in- 
fomnation layer, a level of the reproduced signal from the '5 
area corresponding to the data-recorded area is lower 
in the sector address portion of the second Infonnation \ 
layer than in the unrecorded portion thereof. Even when 
such a phenomenon occurs, information can be repro- 
duced stably by correcting the slice level of the repro- 20 
duced signal using the sector dislocation infomnation^ 
[0082] Next, a method for recording a signal on the 
second infonnation layer based on the sector disloca- 
tion information with the first infomnation layer being re- 
corded will be described. The operation will be de- 25 
scribed with reference to the block diagram of an appa- 
ratus for recording information signals in FIG. 7 and the 
timing diagram in FIG. 8. 

[0083] First, a control signal S03 from an external de- 
vice is input to the system control section 27 to give re- 30 
cording instmctions, and at the same time, a recording 
signal S01 is input. The recording signal S01 is provided 
to an encoder 70 in the optical modulation system 29 
from a buffer in the system control section 27 with pre- ' 
determined timing. The encoder 70 converts the record- 35 
ing signal S01 to a recording fomnat, such as EFM sig- 
nal, NRZi signal, or the like, as well as a sector fomnat 
defined by the recording medium. The coded signal is 
sent to a power switching circuit 71 . 
[0084] The power switching circuit 71 converts the ^ 
coded signal to a laser power level and allows the sem- 
iconductor laser 34 in the optical pickup 33 to emit light 
with a predetemnined power through the laser driving cir- 
cuit 32. . 

[0085] The process until the detection of sector dislo- 45 
cation information is the same as that in the demodula- 
tion that compensates for amplitude fluctuation de- 
scribed above. The gate generator 48 generates a gate . 
signal 48s corresponding to the sector address portion 
\ 9 of the first infomnation layer (see FIG. 8(b)). The power so 
switching circuit 71 provides a power switching signal 
71 s, which switches power during recording, to the laser 
driving section 32 with the timing of the gate signal 48s 
(see FIG. 8(c)). 

[0086] FIG. 8(c) shows an example of the power ss 
switching signal 71s when recording is pcrfonmed with 
the light modulated between two power levels Pp and 
Pb. For the sector address portion 13 of the second in- 
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fomnation layer 4, the reproduction power is taken as Pr. 
When a signal is recorded on the second infomnation 
layer 4 through the data portion of the first information 
layer 2, the infomnation layer is irradiated with the light 
modulated between Pp2 and Pb2. When a signal is re- 
corded on the data portion of the first infomnation layer 
2 through the sector address portion 9 of the first infor- 
mation layer 2, the first infomnation layer 2 is irradiated 
with the light modulated between Ppl and Pbl . 
[0087] In this example, the first infomnation layer 2 ex- 
hibits its characteristtes that the transmissivity is in- 
creased by recording a signal on the data portion. The 
power of Ppl is higher than that of Pp2; the power of 
Pbl is higher than that of Pb2, The value of Pp2 and 
Pb2 in this case depends on the recording range of in- 
formation on the first information layer 2. That is, in re- 
cording a signal on the second information layer 4, the 
larger a proportion of the data-recorded tracks in the ar- 
ea in-adiated with a light beam on the first infomnation 
layer 2, the lower the power of Pp2 and Pb2 needs to be. . 
[0088] Thus, the value of Pp2 and Pb2 is detemnined 
in such a manner that the recording area of the first in- 
fomnation layer 2 equal to the radius of recording of the 
second infomnation layer 4 is specified by the infomna- 
tion on the management area of the first infomnation lay- 
er 2, and an increase in the amount of transmitted light 
relative to the incident light beam is calculated. As a re- 
sult, the power reaching the data portion of the second | 
infomnation layer 4 becomes constant, allowing for fa- i 
vorable recording on the second infomnation layer 4. 
[0089] The foregoing described mainly a multilayer 
recording medium Including two infomnation layers. 
However, the present invention can be applied to a re- 
cording medium including many more Infomnation lay- 
ers. For example, when four infomnation layers are pro- 
vided and a signal is recorded/reproduced on a fourth 
information layer, which is most distant from a light 
source, infonnation about the sector position of each in- 
fomnation layer is obtained by using disk position iden- 
tifiers with four types of pattern and detennnining the po- 
sitional relationship between them. 
[0090] Next, the sector position infonnation Is record- 
ed on the management area. When the reproduced sig- 
nal from the fourth infonnation layer is demodulated, the 
system control section calculates the time baseforthree 
types of gate signal, each of which coaesponds to the 
sector address portions of the first, second, and third 
infomnation layers. Then, reproduction gain is switched 
to the four levels of gain, including the sector address 
portions of the three layers, according to the timing pro- 
vided by the gate generator. 

[0091] Furthermore, there is a method in which Infor- 
mation signals are reproduced by setting four slice lev- 
els. Similarly, when a signal is recorded on the fourth 
information layer, the infomnation layer is irradiated with 
the light that is corrected by four types of power level 
conresponding to the sector address portions of the 
three information layers on the light incident side, so that 
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a signal can be recorded. 

[0092] The basic process of the above method is such 
that, first, a recording mediunn having disk position iden- 
tifiers is produced, the disk position identifier detecting 
the amount of dislocation between the sector address s 
portions of the respective infomnation layers in the mul- 
tilayer recording medium. Then, the amount of disloca- 
tion between the sector address portions of the respec- 
tive information layers is detected b ased on the posh 
tional relationship between the disk position identifiers. io 
the amount of dislocation thus detected is>ec6r3ed on 
the management area in the recording medium. 
[0093] Next, the amount of dislocation is demodulat- 
ed, and the demodulation conditions of a reproduced 
signal are switched using a gate signal con-esponding is 
to the sector address portion, so that favorable repro- 
duction of signals from the recording medium is possi- 
ble. Also, favorable recording can be performed by 
switching recording power using the gate signal con-e- 
sponding to the sector address portion. 20 
[0094] Furthemnore, to detemnine the effect of a plu- 
rality of infomriation layers on the adjacent infomnatlon 
layers, there is a method as follows: the cha racteristic 
data of th e infonnation layers, which have been record- 
ed on the management area and shows the bask: char- 25 
acteristics of each information layer, are read; informa- 
tion about the recording range^f adjacent infonnation 
layers is added, and a range of switching recording/re- 
producing conditions is calculated. 

[0095] In this case, the characteristic data of the in- 30 
fonmation layers to be written in the management area 
Jn the recording medium include the transmissivity and ^ 
_reflectance of each infonnation layer when signals are 
not recorded and those when signals are recorded on 
t^he continuous tracks. Since the difference in the char- 55 
acteristic data between recording media is small and 
within the range of variation during manufacturing, the 
characteristic data can be provided in the read-only 
management area^ 

[0096] As described above, in this embodiment, the 40 
amount of sector dislocation between the plural infor- 
mation layers is detected, and a gate signal con-espond- 
ing to that amount is generated. Thus, demodulation er- 
rors during reproduction can be reduced by switching 
amplification gain or si tee level during reproduction ac- 45 
cording to the gate signal. Similarly, stable data record- 
ing can be achieved by switching recording power ac- 
cording to the gate signal. 

Embodiment 2 so 

[0097] In Embodiment 1 , the disk position identifiers 
are provided on each infonnation layer in a recording 
medium to detect the amount of sector dislocation. On 
the other hand, a method for detecting the amount of ss 
sector dislocation of this embodiment does not require 
the disk position identifiers. j 
[0098] Hereinafter, the method will be described spe- 



cif teal ly with reference to FIG. 9. A signal is recorded on 
a recordable management area or the continuous tracks 
in a data area of a first infonnation layer. In this case, at 
least one sector or more remains urirecorded in the cir- 
cumferential direction. 

[0099] FIG. 9(a) shows the first information layer, 
where data are recorded on the continuous tracks of a 
first sector (i.e., the portion indicated by reference nu- 
meral 92) in the data potions of the first information layer. 
In this drawing, the detailed illustration of a second in- 
formation layer is omitted. It is preferable that the 
number of continuous tracks of the first infonnation layer 
of this embodiment is not less than the diameter of a 
light spot on the first infonnation layer when light is fo- 
cused on the second infonnation layer. 
[01 00] FIG. 9(b) is a cross-sectional view of a record- 
ing medium, where a signal Is reproduced from the sec- 
ond information layer 4 located at the same position as 
the continuous tracks on the first infonmation layer 2 in 
the radial direction. In this drawing, the second informa- 
tion layer 4 is not recorded. Also, a first sector address 
portion 91 of the first infonnation layer 2 and a first sector 
address portion 94 of the second infonnation layer are 
spaced with at least one sector provided therebetween. 
[0101] FIG. 9(c) shows a reproduced signal from the 
second information layer 4. The signal level of the re- 
produced signal 36s is increased in the portion corre- 
sponding to the recorded area of the first information lay- 
er 2. By comparing the reproduced signal 36s with a pre- 
detemriined level 85, two-level signals are obtained, as 
shown in FIG. 9(d). Of the two-level signals, the range 
represented by "H" corresponds to the position of the 
first sector of the first infonnation layer 2. 
[01 02] Of the two-level signals in FIG. 9(e), the range 
represented by "H" indteates the position of the first sec- 
tor address portion 94 of the second information layer 
4. The amount of sector dislocation between the second 
information layer 4 and the first infonnation layer 2 can 
be determined by a time difference Td between the point 
at which a pulse falls, as shown in FIG. 9(e), and the 
point at which a pulse rises, as shown in FIG. 9(d). 
[01 03] Furthermore, when the tracks in the data area 
of the second information layer 4 are fomried of wobbled 
guide grooves, the amount of dislocation can be ob- 
tained more precisely. FIG. 9(f) shows a tracking error 
signal (TE signal) from the guide grooves. A precise 
amount of dislocation can be detennined in such a man- 
ner that the amount of wobble Wd, including the phase 
of a wobble signal between the first sector address por- 
tion 94 of the second infonnation layer 4 and the begin- 
ning of the sector address portion 91 of the first infor- 
mation layer, is measured and multiplied by a length of 
wobble per cycle. 

[0104] As described above, when the sector disloca- 
tion time (Td) is determined, errors may be caused be- 
cause of the variation in a rotation system or the like. 
However, since the amount of wobble Wd is measured 
directly in length, such errors can be eliminated. 
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[0105] The sector distocation information thus ob- 
tained is recorded on the management area orthe burst 
cutting area, as described in Embodiment 1 . Once the 
Infomiation Is recorded on a recording medium, signals 
may be reproduced from these areas thereafter. Thus, s 
the continuous tracks recorded here also can be used 
for data recording. Moreover, the sector dislocation in- 
fomnatlon recorded can be applied to a reproducing 
method or recording method shown in Embodiment 1 , 
and thereby the same effect can be provided. io 

Embodiment 3 

[0106] Each of the above embodiments relates to a 
method for suppressing the fluctuation in amplitude 
caused by the recorded state In the track direction or the 
fluctuation In recording power. This embodiment relates 
to a method for achieving stable recording/reproduction 
by further reducing the fluctuation factors resulting from 
the recorded state in the track direction of the infomia- 20 
tion layer on the light Incident side. a 
[0107] FIGS. 4, 6, and 8 show a change In the level ^ 
of the reproduced signal from the second information 
layer 4, depending on whether the first information layer 
2 is recorded or not. In each case, a change in the 25 
amount of light passing through the sector address por- 
tions in the track direction Is compensated.- — 
[01 08] However, when a light beam is focused on the 
second infomnation layer 4, the area of the first infomna- 
tion layer 2, through which the light beam is transmitted, 30 
depends mainly on the thickness of a separating layer 
and the NA of an objective lens. Here, an NA of the ob- 
jective lens is taken as 0.5 to 0.6 and a thickness of the 
separating layer as 20 to 100 ^m. In this case, the area 
of the first information layer 2 affecting a signal to be 35 
reproduced from the second infomnatlon layer 4 be- 
comes circular, having a diameter of about 20 to 1 00 pm. 
[01 09] Thus, the amount of light reaching the second 
information layer 4 varies depending on the recorded 
state of the first infomiation layer 2 in this area, I.e., 40 
which causes errors in the optimum recording power of 
the second infomiation layer 4 when viewed from the 
optical pickup side. 

[0110] On the other hand, in the present invention, the 
second and the following Infomiation layers are record- 45 
ed after the entire areas of the first Infomnation layer 
have been recorded during the manufacturing or record- 
ing of a recording medium. 

[0111] First, the recording on the infomiation layers 
when a thin film for recording is fomned will be described, so 
With a recording medium produced by the method of 
Embodiment 1 , a signal Is recorded on the entire data 
portion of the first Infomnation layer. This recording also 
serves to certify the recording medium: the area causing 
faulty recording due to the surface defects or the like is 55 
detected by the recording/reproduction on the user's ar- 
ea in the recording medium, and an alternate sector is 
allocated for the defective area. 



[01 1 2] In addition to the certifying operation , such en- 
tire-area recording of the present Invention Includes re- 
cording on the altemate area of the defective recording 
area. Moreover, when a test recording area or the like 
is provided In the inner or outer circumference of the in- 
fomnation layer other than the user's area, those areas 
are recorded as well. For a two-layer optical disk, the 
entire area of the first Infomriation layer may be record- 
ed. However, in the case of a recording medium having 
many more layers, a signal is recorded on the entire ar- 
ea of all the information layers except at least the most 
distant infomiation layer from a light beam, so that the 
same effect can be provided. 

[01 13] When the above process Is candied out during 
manufacturing a recording medium, a signal can be re- 
corded on any location of any information layer at the 
time of insertion of the recording medium in an optical 
recording/reproducing apparatus. 
[0114] Alternatively, it Is possible that the recording on 
the entire area of the user's area is omitted during man- 
ufacturing and performed by a recording/reproducing 
apparatus instead. This can reduce the production cost 
of a recording medium. 

[0115] There are two methods for recording by a re- 
cording/reproducing apparatus. The first one is such 
that the entire area of the first infomiation layer is re- 
corded when a recording medium Is inserted in the re- 
cording/reproducing apparatus for the first time. Though 
the initial recording may cause a loss of time, this meth- 
od can suppress a time loss in the subsequent opera- 
tions. 

[0116] The second method Is such that the order of 
recording infomiation on a recording medium is speci- 
fied. That is, recording proceeds sequentially, starting 
with the first track of the first information layer, and when 
the entire area of the first infomiation layer Is completed, 
tiien the second infomiation layer is recorded. At this 
time. It is necessary that a signal be recorded on the 
entire recording area, including an alternate sector, a 
test area, or the like, when the recording on the entire 
area of the user's area is completed. This recording may 
be performed upon insertion of a recording medium, 
completion of a predetermined recording, or completion 
of recording on the user's area of the first information 
layer. 

[01 17] When a signal Is recorded on the most distant 
Infomiation layer, i.e., in the case of a two-layer record- 
ing medium, it is the second layer, the signal can be re- 
corded on any location of the second Infomiation layer. 
[0118] The above two methods may be selected ac- 
cording to the type of data to be recorded by a user. The 
first method is suitable for recording data information 
that requires a relatively small data capacity and a large 
number of files. The second method Is suitable for re- 
cording continuous signals that require a large capacity 
for a file, such as video signals. 
[0119] Moreover, to provide a stable operation for 
confinning the recording on the entire area of the Infor- 
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mation layers, management infonnation for managing 
the entire-area recorded state of each information layer 
is stored on a recording medium. Specifically, infonna- 
tion for identifying the recording on an entire area, which 
facilitates judging whether Infonnation signals are re- 
corded on the entire area of each infonnation layer, is 
recorded on a management area. For example, the 
management area of the infomnation layer on the light 
source side may include an area containing the entire- 
recording identification Infonnation that identifies the re- 
corded state of each infonnation layer. 
[01 201 For recording infonnation signals, first, the en- 
tire-area recording identification Infonnation of all the in- 
fonnation layers on the light incident side with respect 
to the infonnation layer to be recorded is reproduced. 
When the result of reproduction shows that the record- 
ing on the entire area of all the Information layers on the 
light source side has been completed, a signal is record- 
ed on any track of the target Infomnation layer. 
[0121] On the other hand, when the entire-area re- 
cording identification Infonnation of the infonnation layer 
on the light source side is not recorded, i.e., there are 
some Infonnation layers Including unrecorded areas, ei- 
ther of the following Is carried out: a signal Is recorded 
sequentially from the blank track on the unrecorded in- 
fomiation layer or a dummy signal Is recorded on all the 
blank tracks on the unrecorded Information layer. There- 
after, data are recorded on the target Infomnation layer. 
[01 22] In the above recording method, the Information 
layers on the light incident side are always in the entire- 
area recorded state. Therefore, the difference In the 
amount of transmitted light between the sector address 
portion and the data portion of the Infonnation layer on 
the light incident side becomes a predetermined value. 
Thus, the operation for correcting the amplitude of the 
reproduced signal or recording power can be perfonned 
stably. 

[0123] The entire-area recording identification infor- 
mation may be recorded on the management area of 
the infomnation layer on the light incident side alone, or 
it may be recorded on the management area of each 
information layer 

Embodiment 4 

[0124] Next, the details of an Information recording 
medium of the present invention and a method for form- 
ing the same will be described. FIG. 10 shows an em- 
bodiment according to a method for manufacturing a 
two-layer recording medium. FIG. 10(a) shows a first 
film forming step, in which a first Information layer 2 Is 
fomned on a first substrate 1 provided with guide 
grooves having a sector stmcture including sector ad- 
dress portions and data portions that are divided in the 
circumferential direction. Similariy, FIG. 10(b) shows a 
second film fomning step, in whk:h a second Infonnation 
layer 4 Is formed on a second substrate 5 provided with 
guide grooves having a sector structure including sector 



address portions and data portions that are divided In 
the circumferential direction. The second substrate 5 
acts as a protective plate. 

[01 25] FIG. 1 0(c) shows a coating step of coating the 
5 surface of the second information layer 4 with an adhe- 
sive 101. Here, an ultraviolet curable resin is used as 
the adhesive. FIG. 1 0(d) shows a bonding step of bond- 
ing the infonnation layer 2 on the first substrate 1 and 
the infomnation layer 4 on the second substrates togeth- 
er via the adhesive 1 01 . At this time, the substrates are 
rotated or pressed so that the thickness of the adhesive 
101 between the substrates is uniform, if necessary. 
[01 26] FIG. 1 0(e) shows a hardening step of harden- 
ing the adhesive 1 01 by the In^adiation of light of an ul- 
traviolet lamp from the side of the first substrate 1 . Ac- 
cording to the above processes, a two-layer recording 
medium can be provided. 

[0127] Next, the details of an infonnation recording 
medium of the present infonnation will be described with 
reference to FIG. 1. In the recording medium used for 
two-layer recording, infomnation signals are reproduced 
by in^adiating two Infonnation layers 2, 4 with light and 
detecting a change in the light reflected therefrom. 
Therefore, a light beam 7 for irradiation must be focused 
precisely on the Infonnation layer from which signals are 
reproduced. In particular, the first infonmatlon layer 2 Is 
required to have a certain transmisslvlty with respect to 
a wavelength of the light beam 7 so that light having a 
predetermined Intensity reaches the second Infonnation 
layer 4. To stabilize the reproduction of signals from the 
two information layers. It is preferable that the first Infor- 
mation layer 2 has a transmisslvlty of 30 to 80 %. 
[0128] Furthermore, infonnation is recorded on the 
second infonnation layer 4 in such a manner that the 
temperature of the portion InBdiated with the light beam 
7 at high intensity is raised to change the optical char- 
acteristics thereof. Thus, it is necessary that the second 
information layer 4 satisfies high absorptivity with re- 
spect to a wavelength of the light beam 7 as well as a 
large optical change. I.e. , signals are reproduced at high 
efficiency in the recorded state. 
[0129] It is preferable that a material used for the sub- 
strate 1 has a lower optk^at absorption with respect to a 
wavelength of the light beam for In^adiatlon and allows 
concave-convex pits to be fomned stably on its surface. 
Therefore, a resin material such as polycariDonate, 
potymethyl methacrylate (PMMA), glass material, or the 
like Is used as a substrate material. The substrate 5 is 
not necessarily transparent to the light beam. However, 
It Is preferable that the substrate 5 be fomned of the 
same material as for the substrate 1 to prevent warping 
or the like and maintain its shape stably. 
[0130] The Infonnation layer has the following con- 
cave-convex pattems: 

the guide grooves for data portions 8, 12 in a data area 
shown in FIG. 1 ; the address pits for sector address por- 
tions 9, 13; the concave-convex pits for the read-only 
portion in management areas 10, 14, and the guide 
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grooves and the sector address portion for the record- 
able area in the management area. 
[0131] Furthermore, the recordable management ar- 
ea includes an area containing information about the 
dislocation between infbmiation layers, where infonna- 5 
tion for identifying the recording position is recorded, if 
necessary. Also, the guide grooves or concave-convex 
pits to fomn disk position identifiers 11,15 are provided, 
if necessary. 

[0132] Forthe two-layer recording medium, the above io 
patterns are formed previously on the substrates in the 
fomn of concave-convex pits. To fomn these concave- 
convex patterns, mastering, which has been generally 
employed in compact disks (CD) or DVD, can be used. 
In the mastering process, first, a glass substrate with a is 
photoresist-coating is exposed to an Ar laser and etched 
to remove the photoresist on the irradiated portion. 
Then, a film is formed on the substrate surface by Ni 
sputtering, whteh Is further plated with Ni. Thereafter, 
the Ni is removed from the substrate. Finally, the surface 20 
of the Ni film is processed, resulting in a stamper. The 
stamper is set on a mold so that a resin material as de- 
scribed above is injection-molded, and thus a substrate 
having the predetemnined concave-convex patterns on 
the surface can be provided. 25 
[01 33] Other methods for fomning a substrate include 
a2P (photo-plimerization) method, in which the patterns 
on a stamper are transferred using an ultraviolet curable 
resin. The 2P method will be described later in detail. 
[01 34] The information layers 2 , 4 are formed of a re- 30 
cordabie and reproducible thin film that changes in op- 
tical characteristics by absorbing the focused light and 
can be detected according to those changes by the light 
beam 7. Examples of a material forthe thin film used as 
a recording layer that satisfies the above requirements 35 
include the following: a phase changeable material 
whose reflectance is changed with a change in the state 
of the thin film caused by irradiation of light; an organic 
material, such as dyes or the like, whose spectral re- 
flectance is changed, and a photochromk: material. Al- 40 
so, some thin films change their shape. 
[01 35] Examples of a phase changeable material may 
include a compound represented by GeSbTe that 
changes between the amorphous and the crystalline 
phase, i.e., a compound based on SbTe, InTe, GeTeSn, 45 
SbSe, TeSeSb, SnTeSe, InSe, TeGeSnO, TeGeSnAu, 
TeGeSnSb, InSbTe, AglnSbTe or the like, an oxide ma- 
terial based on Te-TeOa, Te-TeOa-Au, Te-TeOg-Pd orthe 
like, or a metallic compound that changes between the 
crystalline andthe crystalline phase, i.e.,ametalltecom- so 
pound based on AgZn, InSb orthe like. 
[0136] Examples of an organic dye material may in- 
clude a leuco dye based on triphenylmethane orthe like. 
Examples of a photochromic material may include a ma- 
terial based on spiropyran, fulgide, azo or the like. 55 
[01 37] The recordable information layer 4 can be clas- 
sified into two types according to its functions: write- 
once type and rewritable type. The fomner can be re- 



corded only once and the latter allows the recorded in- 
formation to be rewritten. For the write-once type, only 
a single layer made of a phase changeable material or 
an organic dye material is fomned on a substrate as an 
information layer. Alternatively, a two-layer structure, in- 
cluding a thin film layer for absorbing light and a metal 
layer, can be used to fomi an alloy by irradiation of light. 
[0138] It is preferable that each infonnation layer in- 
cludes a plurality of layers (at least two layers), so that 
the materials that constitute the infonnation layer 
change reversibly and the optical change in the record- 
ed signals is increased. For example, the two-layer 
structure may be composed of the following: a dielectric 
layer and a recording layer, a recording layer and a re- 
flective layer, or a reflective layer and a recording layer. 
In each structure, the layers are laminated in this order 
from the light incident side. Moreover, a three-layer 
structure may be composed of the following: a dielectric 
layer, a recording layer, and a dielectric layer or a die- 
lectric layer, a recording layer, and a reflective layer. In 
each structure, the layers are laminated in this order 
from the light incident side. In a four-layer structure, e. 
g., a dielectric layer, a recording layer, a dielectric layer, 
and a reflective layer may be laminated in this order from 
the light incident side. There is a five-layer structure in 
which a first reflective layer, a dielectric layer, a record- 
ing layer, a dielectrk: layer, and a second reflective layer 
may be laminated. 

[0139] As described above, the thin-film recording 
layer and the dielectric layer are fomned in contact with 
each other, so that the degradation of the thin film during 
repetitive recording can be prevented and the optical 
change in the recorded information can be increased. 
[0140] To maintain a certain amount of light on the 
second infonnation layer 4, rt is preferable that the sep- 
arating layer 3 is formed of a material having a lower 
optical absorption with respect to the wavelength range 
of the incident light beam 7, in particular, the light 
through the first information layer 2. For example, the 
separating layer may be formed of a transparent adhe- 
sive or, like the substrate, a glass material, a resin ma- 
terial, or the like. When the substrates 1, 5 are fonned 
of a resin material, it is preferable to use the same type 
of resin material for the separating layer so as to ensure 
mechanical reliability after bonding. The use of ultravi- 
olet curable resin is further preferable because the time 
required for bonding can be shortened. 
[0141] The foregoing described the manufacturing 
method, in which two infonnation layers are bonded to- 
gether with a separating layer. Next, a second manufac- 
turing method will be described with reference to FIG. 
11. In the second manufacturing method, the guide 
grooves of a second infonnation layer are fonned by a 
2P method using an ultraviolet curable resin. 
[0142] FIG. 11 (a) shows a film forming step of forming 
a first information layer 2 on an injection-molded sub- 
strate 1 . The substrate has the following on the surface: 
the guide grooves for a data portion with a sector stmc- 
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ture; the address pits for a sector address portion; the 
concave-convex pits for the read-only portion in a man- 
agement area, and the guide grooves and the sector ad- 
dress portion for the recordable area in the management 
area. Also, the substrate has the guide grooves or con- s 
cave-convex pits to fomn a disk position identifier, if nec- 
essary. 

[0143] FIG. 11 (b) shows a coating step of coating the 
surface of a stamper 111 having guide grooves with a 
transparent resin layer 112. Like the substrate 1, the 
stamper has the following on the surface: the guide 
grooves for a data portion with a sector structure; the 
address pits for a sector address portion; the concave- 
convex pit for the read-only portion in a management 
area, and the guide grooves and the sector address por- 
tion for the recordable area in the management area. 
[0144] Furthermore, the recordable management ar- 
ea Includes an area containing infomnation about the 
dislocation between infomnation layers, where informa- 
tion for identifying the recording position is recorded, if 
necessary. Also, the recordable area has the guide 
grooves or concave-convex pits to fomn a disk position 
identifier, if necessary. 

[0145] FIG. 11(c) shows a bonding step of bonding the 
substrate 1 and the stamper 111 together via the resin 
layer 112 with the Information layer 2 opposing the 
stamper 1 1 1 . At this time, the resin layer 1 1 2 is diffused 
by pressure or rotation so as to be unifomn between the 
substrate 1 and the stamper 111. After the bonding, the 
adhesive 112 is hardened by irradiation of ultraviolet 
light from the side of the substrate 1 , as is indicated by 
thean-ow in FIG. 11(c). 

[0146] FIG. 11 (d) shows a stripping step of stripping 
the substrate 1 from the stamper 111 at the boundary 
between the stamper 111 and the adhesive layer 112. 
FIG. 11 (e) shows a second film forming step of fomning 
a second infomriation layer 4 on the separating layer 
formed of the adhesive 112. FIG. 11(f) shows a second 
coating step of coating the surface of a second stamper 

113 having guide grooves with a transparent resin layer 

114 that acts as a second separating layer. Then, the 
infomnation layer 4 and the stamper 1 1 3 are opposed to 
each other. 

[0147] FIG. 11(g) shows a second bonding step of 
bonding the substrate 1 and the stamper 113 together 
via the resin layer 1 1 4, while diffusing the resin layer by 
pressure orthe like so as to be unifomn between the sub- 
strate 1 and the stamper 113. Thereafter, the adhesive 
1 1 4 is hardened by irradiation of ultraviolet light from the 
side of the substrate 1 , as is indicated by the anow in 
FIG. 11(g). FIG. 11 (h) shows astripping step of stripping 
the substrate 1 from the stamper 113 at the boundary 
between the stamper 113 and the adhesive layer 114. 
[0148] FIG. 11(1) shows a third film forming step of 
fomning a third information layer 115 on the separating 
layer fomned of the adhesive 114, Finally, FIG. 11(j) 
shows a step of protective coating, where a protective 
layer (protective plate) 116 is formed on the third infor- 



mation layer, resulting in a three-layer recording medi- 
um. 

[0149] The use of this method allows many more in- 
formation layers to be laminated. For example, a four- 
layer recording medium can be provided by conducting 
the method in the following order: the steps shown in 
FIGS. 1 1 (a) to 1 1 (I), those shown in FIGS. 1 1 (f) to 1 1 (i), 
and finally the step shown in FIG. 1 1 (j). When a plurality 
of infomnation layers are laminated further, the steps 
shown in FIGS. 11(f) to 11(i) are repeated after those 
shown in FIG. 11 (a) to 1 1 (i) have been carried out, and 
thus any number of information layers can be laminated. 
[01 50] The above manufacturing method can provide 
a recording medium that includes a plurality of infomna- 
tion layers, each having a sector stmcture, and that can 
detect the sector dislocation infomnation for connecting 
the effect of the recorded state of the infomnation layer 
on the light incident side. 

Industrial Applicability 

[0151] As described above, the present invention al- 
lows identification infomnation about the amount of sec- 
tor dislocation to be recorded on a recording medium. 
Also, the present invention can reduce demodulation er- 
rors during reproduction by switching amplification gain 
or slice level during reproduction according to the iden- 
tification infomnation about the amount of dislocation. 
Similariy, the present invention can provide stable data 
recording by switching recording power according to a 
gate signal. 

[0152] Therefore, the present invention can be ap- 
plied to a rewritable recording medium including a plu- 
rality of information layers, each having a sector stmc- 
ture, and also to a recording/reproducing apparatus for 
such a recording medium. 



Claims 

1 . An optical information recording medium compris- 
ing a substrate and at least two information layers 
formed on the substrate, the infomnation layer being 
fomned of a thin film showing a change that can be 
detected optically by light beam inradiation, 

wherein a separating layer that is transparent 
to a wavelength of the light beam is formed be- 
tween the information layers, 
each information layer comprises a sector area 
having sector address portions and data areas 
for recording infomnation signals, the sector ad- 
dress portion and the data area being divided 
in a circumferential direction, and 
at least one of the information layers is provided 
with a management area for recording identifi- 
cation infomnation about an amount of disloca- 
tion between the sector address portions of the 
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respective information layers In the circumfer- 
ential direction. 

2. The optical infomnation recording medium accord- 
ing to claim 1 , wherein the management area is pro- 
vided with a same form of guide groove as the data 
area and located close to the data area. 

3. The optical infonnation recording medium accord- 
ing to claim 1 , wherein each information layer is pro- 
vided with a sector position identifier for identifying 
positions of the sector address portions of the re- 
spective infonnation layers, the sector position 
identifier having a certain relationship to the sector 
area in the circumferential direction. 

4. An optical infonnation recording medium compris- 
ing a substrate and at least two information layers 
fomried on the substrate, the infonnation layer being 
formed of a thin film showing a change that can be 
detected optically by light beam in^adiation, 

wherein a separating layer that is transparent 
to a wavelength of the light beam is f omed be- 
tween the infonnation layers, 
each Information layer comprises a sector area 
having sector address portions and data areas 
for recording information signals, the sector ad- 
dress portion and the data area being divided 
in a circumferential direction, and 
identification infomnation about an amount of 
dislocation between the sector address por- 
tions of the respective information layers in the 
circumferential direction is recorded on at least 
one of the information layers by utilizing a dif- 
. f erence in state that can be detected optically 
in a predetemnined pattem different from infor- 
mation signals of the data portion. 

5. An optical information recording medium compris- 
ing a substrate and at least two infonnation layers 
formed on the substrate, the information layer being 
fomned of a thin film showing a change that can be 
detected optically by light beam Irradiation, 

wherein a separating layer that is transparent 
to a wavelength of the light beam is formed be- 
tween the infonnation layers, and 
each information layer comprises: 
a sector area having sector address portions 
and data areas for recording information sig- 
nals, the sector address portion and the data 
area being divided in a circumferential direc- 
tion; 

a management area on which a type of infor- 
mation layer or recording conditions is written, 
and 

a sector position Identifier for identifying a sec- 



tor position, having a certain relationship to the 
sector area of the information layer in the cir- 
cumferential direction. 

5 6. An optical infonnation recording medium compris- 
ing a substrate and at least two information layers 
formed on the substrate, the information layer being 
formed of a thin film showing a change that can be 
detected optically by light beam in-adiation, 

wherein a separating layer that is transparent 
to a wavelength of the light beam is formed be- 
tween the infonnation layers, and 
among the infonnation layers, at least the infor- 
mation layer on a light incident side is provided 
with a management area for recording identifi- 
cation infonnation showing that information is 
recorded on an entire area of the infonnation 
layer. 

7. The optical information recording medium accord- 
ing to claim 6, wherein the recording on an entire 
area includes recording dummy data having a pre- 
detemnined pattem on a preliminary signal area lo- 
cated dose to the data area after completion of re- 
cording infonnation signals on the entire data area 
of the infonnation layer. 

8. A recording method for an optical information re- 
cording medium comprising: 

recording information signals on the optical in- 
formation recording medium, 
the optical information recording medium com- 
prising a substrate and at least two infonnation 
layers fomned on the substr;ate, the infonnation 
layer being fomned of a thin film showing a 
change that can be detected optically by light 
beam irradiation, 

wherein among the infonnation layers, infonna- 
tion signals are recorded on a target infonna- 
tion layer after confinning that information sig- 
nals have been recorded on an entire area of 
the information layer on a light incident side. 

9. The recording method according to claim B, wherein 
the recording on an entire area includes recording 
dummy data having a predetennined pattern on a 
preliminary signal area located close to the data ar- 
ea after completion of recording information signals 
on the entire data area of the information layer. 

1 0. The recording method according to claim 8, wherein 
the recording on an entire area is confimned by iden- 
tification infonnation showing that the recording on 
an entire area is performed, which is provided in any 
one of the information layers. 
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11. A recording method for an optical infomnation re- 
cording medium comprising: 

recording Infonnation signals on the optical in- 
fomriation recording medium, 5 
the optical infomnation recording medium com- 
prising a substrate, at least two infomnation lay- 
ers fomned on the substrate, and a separating 
layer fomned between the information layers; 
the infomnation layer being fomned of a thin film io 
showing a change that can be detected optical- 
ly by light beam irradiation, the separating layer 
being transparent to a wavelength of the light 
beam, and each infomnation layer comprising a 
sector area having sector address portions and 
data areas for recording information signals, 
the sector address portion and the data area 
being divided In a circumferential direction, 
wherein each infomnation layerfurther compris- 
es a sector position identifier having a certain 20 
relationship to the sector area in the circumfer- 
ential direction, and 

dislocation between the sector position identi- 
fiers of the respective information layers is de- 
tected, so that identification infomnation about 25 
an amount of dislocation between the sector 
address portions of the respective infomnation 
layers in the circumferential direction is ob- 
tained and the identification infomnation is re- 
corded on at least one of the information layers. 30 

1 2. The recording method according to claim 1 1 , where- 
in the identification infomnation is recorded as sub- 
information that is different from data infomnation. 

35 

13. A recording method for an optical infomnation re- 
cording medium comprising: 

recording information signals on the optical in- 
formation recording medium, 40 
the optical infomnation recording medium com- 
prising a substrate, at least two infomnation lay- 
ers fomned on the substrate, and a separating 
layer formed between the information layers; 
the information layer being formed of a thin film 45 
showing a change that can be detected optical- 
ly by light beam irradiation, the separating layer 
being transparent to a wavelength of the light 
beam, and each information layer comprising a 
sector area having sector address portions and ^ 
data areas for recording information signals, 
the sector address portion and the data area 
being divided in a circumferential direction, 
wherein among the information layers, a signal 
is recorded on continuous tracks in the sector ss 
area of the information layer on a light incident 
side with at least one sector being left unrecord- 
ed. 



a signal is reproduced from the information lay- 
er that is further from the infomnation layer on 
the light incident side, and 
a time difference between a pulse-fall point of 
the sector address portion of the distant infor- 
mation layer, corresponding to the unrecorded 
portion of the information layer on the light in- 
cident side, and a pulse-rise point of the record- 
ed portion of the information layer on the light 
incident side is calculated, so that identification 
infomnation about an amount of dislocation be- 
tween the sector address portions of the re- 
spective information layers in the circumferen- 
tial direction is obtained and the identification 
infomnation is recorded on at least one of the 
infomnation layers. 

14. The recording method according to claim 13, 
wherein the identification infomnation is recorded as 
sub-infomnation that is different from data infomna- 
tion. 

15. A recording method for an optical information re- 
cording medium comprising: 

recording infomnation signals on the optical in- 
fomnation recording medium, 
the optical infomnation recording medium com- 
prising a substrate, at least two infomnation lay- 
ers formed on the substrate, and a separating 
layer fomned between the infomnation layers; 
the information layer being fomned of a thin film 
showing a change that can be detected optical- 
ly by light beam irradiation, the separating layer 
being transparent to a wavelength of the light 
beam, and each infomnation layer comprising a 
sector area having sector address portions and 
data areas for recording infomnation signals, 
the sector address portions and the data area 
being divided in a circumferential direction, 
wherein a guide groove in the data area is 
formed of a wobbled groove wobbling in a pre- 
determined cycle, and 

an amount of wobble is measured, so that iden- 
tification information about an amount of dislo- 
cation between the sector address portions of 
the respective infomnation layers in the circum- 
ferential direction is obtained and the identifica- 
tion infomnation is recorded on at least one of 
the information layers. 

16. The recording method according to claim 15, 
wherein the identification infomnation is recorded as 
sub-infomnation that is different from data informa- 
tion. 

1 7. A recording/reproducing apparatus for an optical in- 
fomnation recording medium, performing recording/ 
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reproduction of information signals on the optical in- 
formation recording medium, 

the optical infomiation recording medium com- 
prising a substrate, at least two information lay- 
ers formed on the substrate, and a separating 
layer formed between the information layers; 
the information layer being fonrted of a thin film 
showing a change that can be detected optical- 
ly by light beam in^adlation, the separating layer 
being transparent to a wavelength of the light 
beam, and each information layer comprising a 
sector area having sector address portions and 
data areas for recording infomiation signals, 
the sector address portion and the data area 
being divided in a circumferential direction, 
the recording/reproducing apparatus compris- 
ing: 

a sector dislocation identifying means for de- 
tecting an amount of dislocation between the 
sector areas of the respective information lay- 
ers in the circumferential direction; 
a gate generating means for controlling timing 
for con-ecting fluctuation in a reproduced sig- 
nal, caused by an effect of a recorded state of 
each infomiation layer, based on the detected 
dislocation amount, and 
a reproduced signal correcting means for cor- 
recting a reproduced signal in accordance with 
a gate signal from the gate generating means. 

18. The recording/reproducing apparatus according to 
claim 17, wherein the reproduced signal connecting 
means switches amplification gain of a reproduced 
signal in accordance with the gate signal. 

19. The recording/reproducing apparatus according to 
claim 17, wherein the reproduced signal correcting 
means switches a slice level of a reproduced signal 
in accordance with the gate signal. 

20. The recording/reproducing apparatus according to 
claim 1 7, wherein at least one of the infomnation lay- 
ers is provided with a management area for record- 
ing identification information about the amount of 
dislocation, and the sector dislocation identifying 
means demodulates the identification infomiation 
on the management area to detect the amount of 
dislocation. 

21. The recording/reproducing apparatus according to 
claim 20, wherein the identification Infomiation is re- 
corded on the management area as sub-infomna- 
tion that is different from data information. 

22. The recording/reproducing apparatus according to 
claim 1 7, wherein each infonnatjon layer is provided 
with a sector position identifier for identifying posi- 



tions of the sector address portions of the respec- 
tive infomriation layers, the sector position identifier 
having a certain relationship to the sector area in 
the circumferential direction, and the amount of dis- 
5 location is determined by dislocation between the 
sector position identifiers of the respective informa- 
tion layers. 

23. The recording/reproducing apparatus according to 
10 claim 1 7, wherein the amount of dislocation is de- 
termined in the following manner: 

among the infomnatlon layers, a signal is re- 
corded on continuous tracks in the sector area 

'5 of the information layer on a light incident side 

with at least one sector being left unrecorded; 
a signal Is reproduced from the infomiation lay- 
er that Is further from the information layer on 
the light incident side, and 

20 a time difference between a pulse-fall point of 

the sector address portion of the distant infor- 
mation layer, con-esponding to the unrecorded 
portion of the infomiation layer on the light in- 
cident side, and a pulse-rise point of the record- 

25 ed portion of the infomnation layer on the light 

incident side is calculated. 

24. The recording/reproducing apparatus according to 
claim 17, wherein a guide groove in the data area 

30 is formed of a wobbled groove wobbling in a prede- 
temiined cycle, and the amount of dislocation is de- 
tennined by measuring an amount of wobble. 

25. A recording/reproducing apparatus for an optical in- 
35 fomiation recording medium, performing recording/ 

reproduction of information signals on the optical in- 
fomiation recording medium, 

the optical infomiation recording medium com- 
40 prising a substrate, at least two infomiation lay- 

ers fomied on the substrate, and a separating 
layer formed between the infomiation layers; 
the Infomriation layer being fonned of a thin film 
showing a change that can be detected optical- 
^ ly by light beam irradiation, the separating layer 

being transparent to a wavelength of the light 
beam, and each infomriation layer comprising a 
sector area having sector address portions and 
data areas for recording information signals, 
50 the sector address portion and the data area 

being divided in a circumferential direction, 
the recording/reproducing apparatus compris- 
ing: 

a sector dislocation Identifying means for de- 
55 tecting an amount of dislocation between the 

sector areas of the respective infomiation lay- 
ers in the circumferential direction; 
a gate generating means for controlling timing 



18 



35 



EP1 124 221 A1 



for correcting fluctuation In recording power, 
caused by an effect of a recorded state of each 
infomnation layer, based on the detected dislo- 
cation amount, and 

a power switching means for switching record- 5 
ing power in accordance with a gate signal from 
the gate generating means. 

26. The recording/reproducing apparatus according to 
claim 25, wherein at least one of the infomnation lay- io 
ers Is provided with a management area for record- 
ing identification information about the amount of 
dislocation, and the sector dislocation identifying 
means demodulates the identification infomnation 

to detect the amount of dislocation. is 

27. The recording/reproducing apparatus according to 
claim 26, wherein the identification infomnation is re- 
corded on the management area as sub-infomna- 
tion that is different from data Infomnation. 20 

28. The recording/reproducing apparatus according to 
claim 25, wherein each infonmatlon layer is provided 
with a sector position identifier for identifying posi- 
tions of the sector address portions of the respec- 25 
tive information layers, the sector position Identifier 
having a certain relationship to the sector area in 

the circumferential direction, and the amount of dis- 
location is detemnined by dislocation between the 
sector position identifiers of the respective inf omia- 30 
tion layers. 

29. The recording/reproducing apparatus according to 
claim 25, wherein the amount of dislocation is de- 
termined In the following manner: 35 

among the infomnation layers, a signal is re- 
corded on continuous tracks In the sector area 
of the infonnation layer on a light incident side 
with at least one sector being left unrecorded; 40 
a signal is reproduced from the infonnation lay- 
er that is further from the infomnation layer on 
the light incident side, and 
a time difference between a pulse-fall point of 
the sector address portion of the distant infer- 45 
mation layer, con^esponding to the unrecorded 
portion of the information layer on the light in- 
cident side, and a pulse-rise point of the record- 
ed portion of the infonnation layer on the light 
incident side Is calculated. so 

30. The recording/reproducing apparatus according to 
claim 25, wherein a guide groove in the data area 
isfomned of a wobbled groove wobbling in a prede- 
tennined cycle, and the amount of dislocation is de- ss 
temiined by measuring an amount of wobble. 
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